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R.G. BADALYAN

ON QUARK-TO-HADRON FRAGMENTATION FUNCTIONS

A statistical approach to the quest'lon_of fragmentation of gquark-gluonic
systems 1s considered. The functions of fragmentation of multiparton quark-
gluonic systam with quark's manﬁm numbers to hadrons are defined, A compari-
son of .the model predictions with experimental data is carried out with respect
to X*/X= -mesons yields in deep-inelastic scatt.ering of neutrino
(antinsutrine) on the nucleon.
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In order to define inclusive spectra of hadrons in deep-inelastic iepton-
5hadron collisions, spectra of hadrons Qith high transverse momenta Pr in
hadron-hadron interactions as well as hadron distribution in e*e~ -annthila-
tion, usually there are introduced fragmenﬁt‘lon functions D; (x) of
quark G, to hadron h [1,2], where X 1s a ratio of longitudinal
(relative to momentum direction of initial quark § ) momentum of h had-
ron to momentum of. q quark. Various phenomenological fragmentation models
[3-5] also operate by quark (diquark)-to-hadron ﬂ:agnentation functions in
order to describe inclusive spectra of secondary hadrons with low Pr in
hadron-hadron collistons.

In the mentioned processes with high momentum transfers at the process
inftial stage, there occurs a2 "knock-out"” of the quark (antiquark) with
Jarge effective mass from the hadron a.nd takes place radiation of hard
gluons !and quark-antiquark pairs. This stage can be described quantitatively
within 1:he theoret‘lcd-perturbat*lve quantum chrogmodynamics (QCD). According
to fhe wmodern representat'lons_. the ;nocked-out quark 1s assumed to “lose its
momentum (high virtuality) via the emission of gluons which in turn may
transform into quark-antiquark pairs. The initfal stage of such transforme-
tion“of _quark into quark-gluonic system can be described 1n the framework of
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evo1ut§onary equations of Altarelli-Parist [2, 6-9] , since at the initial
stage the quark-gluon interaction constant §s sti1l small due to the quark
high virtuality. With decreasing quark and gluon virtuality éhe quark-gluon
interaction constant increases, hence the problem ceases to be theoretico-
perturbative already. A second stage the present work 1s devoted to, namely
the fragmentation of the produced compound quark-gluonic system to hadrons,
fs a "soft" process. The determination of the function of soft fraomentation
of such a system (possessing the q, quark ¢ antum numbers) to hadrons 1s
essentfally not a theoreticc-perturbative probiem and 1ts solution within
QCD 1s somewhat complfcated due to quark and gluon confinement effects,
However, due to strong coupling between quarks and gluons, one may expect
that a statistical equilibrium takes place 1n quark-gluonic system. In the
11ght of the above-said, the application of the statistical consideration
to the questfon of soft fragmentation of quark (of quark-gqluonic system the
quark transforms to) to hadrons seems reasomable, since the mentioned orbb-
lem is essentially multi-particle,

In the infinite momentum frame the quark-gluonic system S? to which
the Q, quark transforms owing to QCD evolutfon, is characterized by 1ts
“valent" composition (by the type of t} quark) and distributfon functions
of "valent" or "leading" quark and sea partons {quark-antiquark vatrs and
gluons). The number of sea partons in the Sq' system is not fixed and may
vary from zero to infinity *) . The produced guark-gluonic system Sc‘, has
many features common to the compound one (valon) in hadron [9,10] - the

presence of leading (valent) quark and statistically distributed sea partons.

*} Energy restrictions to the number of sea partons are not considered,
since the mean transverse mass of parton M <P where P s a

momentum of the initial quark




Therefore, to describe such a system, one presumably can apply the analogy to
the Kuti-Weisskopf model [11] . The distribution density of (1 + ﬁs )-parton
conf'igurat'lon of the S‘i system ( f:ls is the number of sea partons in i:he
considered configuration) is determined by the expression [10,11] :

. Re
dSg. = v.,(xg)dx.,r;lms’a.(xq)dxogs (-Xq-Z J2:-,)&:.1) (M

The quark-gluonic system SQ; with the E; quark quantum numbers is defined
as a sum of all posstble (1 + ﬁs )-parton configurations:

&
i = = ~ 2
ds, = = %d;,“s (2)

In expressions (1) and (2), X 1s the Feynman variable (portion of parton
momentum relative to momentum of initfal quark Cl, ), a=ud,s, .., 5,5,5;---;3
denotes a sort of sea parton, Ng is the number of partons of sort of 4 ,
ﬁs = % ﬁa , Z 1s statistical we:oht (normalization factor), <
v'(.(x) and Sq (X) are so-called input or noncorrelated dist-ibution fumec-
tions respectively for leading (valent) quark and sea partons (the distribu-

t*on functions without account of the longitudinal momentum conservation

Taw). In the general case, these functions have the form as follows [10-12]

(] .
Vcb(x): X ‘Paq'(x)/.].xu. x2 , G‘i'(o)-"" ﬁ°'>0 (3a)
S (X) = Gu Pax)/x2+ X3, Pu(O)=t, 9q20 (30)

Here X.=M/P , where M {s effective (mean) transverse mess of par-

ton, P s momentum of initial quark 9 (P >p ). Parameters ﬁq’ » Ya
and the form of functions G.q,(X) ,. Pa(X) can be defined from the
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comparison [12] of results obtained for the distribution ¢f leading qdark
and sea partons, or quark-to-hadron fragmentation function with experimental )
data available. To simplify the formlae and to obtain qualitative estimates,
we shall assume ) Ga'(")- 1 and P, (X) = 1 by analogy with Ref . [11] .

With raspect to expressions (1) (3), for the distribution of leading

quark g, and sea partons of quark-hadronic system SQ we find [10-12] :
q0)= Ve (1=%)7""/B( &, ¥) ()

_1+g+ﬁ$

Qs (X) = 8q () (1~ X) ()

where B(X,Y) {is the Euler beta function, ¥ =2-9, . Parameters- £,
and ga indicate in what proportion the longitudinal momentum of initial
quark q, 1s shared between the leading quark q, (the mean momentum of
leading quark G 1s X P J(¥+ ﬁ‘}) ) and sea partons (the mean
momentum of sea parton Cl s Xq= ga/(xi*ﬁ) ).

Turn now to the considerat‘lon of hadroproduction in the fragmentation
region of initial quark Q . To be concrete, let us consider the process
of fragmentation of inftial "W -quark to ﬂl’*-meson. Isolate in the quark-
gluonic system S, 1ﬁto,wh1ch transforms the initial U -quark a sub-
state which contains the leading U -quark, the sea d’ -quark and arbit-
rary number of sea partons "belonging™ to the considered substate with a oro-
babitity W . The hadron, in this case the U ¥_meson, 1s produced via
. recombination of al) the partons belonging to the considered mittiparton sub-
state. By analogy with Ref.[13] , we assume that the recombination stage is
preceded by a formation of constituent objects - valons (in this case, U -
and ]-) -valons which just recombine to the final O +-mes;(m) via statis-
tical grouping [10] of partons inside the multiparton substate considered.

Here the probabilities for the sea parton nf the considered multiparton
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substate to belong to U-or D-valonare W; and Wz , res-
pectively ( W= W, + W, ). It is assumed, just as in R-ef.[lz] , that at
formation of the valon not containing the leading (valent) quark the value
of W, fs zero. At formation of U -valon, which contains the Yeading
(valent) W -quark, the value of W:= W/  may differ from zero. Then
the density of probability that U - and ]3 -valons carry respectively
X1/X and xa/x portfons of total momentum X (X =X+ X2)

of the fsolated multiparton substate is determined by the expression [10,12]:

o “1+ (W)Y ~1+Wy+B -1 -1
Fu:‘; (X1,X2)= G 4 (1-X) X, Xg B (WY+R,U=W)¥) (g

The function of fragmentation of inftfal . U -quark to 3I+-mson. for the
case when in fomt‘lﬁn of the latter participates the leading U -gquark,
can be determined as follows: '

+ " . 1 X1 - X
xD: (x)= SF":% (%1, X2) R”(%’ ) -’,‘-('-)8 (1 % ;(1) dxidxz (6)

The recombination function Rx(g, »Y2) [14] defines the probability of
recombination of U~ and D -valons with momenta X, and X, ,
~respec:t:‘lvel,y. to the final JC' -meson with a Tongitudinal momentum X =

=X+ X2 (Yy,2 = x,;a/x) . The function Rn( Yi,Ysz) s defined
by amalogy with Ref.[14] , via the expression [13] :

R’r(':h »Y2) = Y1 Y2 it

If we take into account that the +-nsons in the fragmentation reaion of
the inftial U -quark can be produced also on the sea (nonlesding) LI -
quarks, then.-for the total U —gt fragmentation function we find:
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* X1 _ Xz '
foLx)'=S[E,‘;(xi,xmFjs(x,,xa)]R“(Q Z)8(1- %t~ X dx.dxe (8)

where

-{+Y+p

Fos (X0, %) = Gy G (1= Xy xe)" (9)

The second term in expression (8). defines also the fragmentation function of

inftial W -gquark to @ " -meson {not containing the leading u -quark):
g s Ty A Xz X Xe 0

'Ising expressions (8) and-(10), for the fragmentation function of infitial
u -quark to ¥ - mesons we find:

~t+(1-W)Y -1+y+8
wxﬁ.. x)' B(WY+8,+1,1) 11y+3 (11a)

XD w0 3'* Blwreh,. (w93 %)

xD¥ (0= 9,9, (1-%) "I (11b)
As was mentioned, the quark-gluonic system S, , to which tne initial U -
quark transforms due to evolution, has many features common to () -valon in
the proton[g,lo.lz] . 1f we make use of this analogy, we can determine the
values of parameters: f =0.5, W=0and §,=9:=94=94 =

X/Z(Nf +1) uhene Nj 1s the number of types of aquarks. Then,
for the ratlo [ (X) = ])u (x)/D., (%) we find:

P2 i,




where  H(Y¥; Ng)=4(Ng+1)(¥+0.5)/3VF r(¥+1) )

I'(X) 1is the Euler gamma function. The values of the factor .A (¥; N;)

for Ngr-2 (U -, d -quarks), Nge3(u -, d -, S -quarks) as

well as various values of ¥(l< ¥ < 3.5) are listed 1n the Table,
The Figure presents a comparison of n(x) function for A (Y, N;. )=1.5
with experimental data on deep-fnelastic neutrine (antineutrino) production

of M -mesons.
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A 3 5 7 .
The ratio of inclusive production, aryd'r'(sr'/st*) .

in deep-inelastic interactfon of neutrino (antineutrino) with

the proton. Experimental points are taken from Ref.[1] . The
curve corresponds to A ( ¥, Ng ) = 1.5,
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Table

AT Ng)
x N* =2 N:f- 3
1.0 2.000 2.667
1.5 1.698 2.264
2.0 1.500 2.000
2.5 1.358 1.811
3.0 © 1,250 1.667
3.5 1.164 1.552
10
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